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@ Switch mode power supply. 



A switch mode power supply comprises a drive circuit (7) for generating first and second switching 
signals in response to first and second input signals of different frequencies, and a switching regulator 
(9) for generating one or more regulated power supply output voltages in response to the first and 
second switching signals. The power supply further comprises a control circuit (3,4,6,10,15) for 
determining, in response to the first and second input pulse signals, a first firequency range containing 
the frequencies of the first and second input signals when respectively multiplied by first and second 
integer multiples that is narrower than a second frequency range containing the frequencies of the first 
and second input signals when each multiplied by a common integer multiple. The control circuit 
(3,4,6,10,15) configures the drive circuit (7) to generate the first switching signal at a frequency which is 
the first integer multiple of the firequency of the first input pulse signal and the second switching signal 
at a frequency which is the second integer multiple of the firequency of the second input pulse signal in 
such a manner that the firequencies of the first and second switching signals are within the first range. 
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The present invention relates to a switch mode 
power supply for a multi-frequency display system 
wherein plural horizontal synchronous pulse trains of 
difTerent frequencies are used to support plural multi- 
display modes. 

Generally, a switch mode power supply is used to 
provide a stabilised DC power supply in a CRT display 
device for a personal computer workstation. Such 
power supplies are usually mounted within a space in 
the display device. However, this can produce objec- 
tionable problems, jitter or beating noise on the dis- 
play because of Interference between the frequency 
of the horizontal scan signal of the CRT display and 
the switching frequency of the power supply, and 
because of an instability in the deflection magnetic 
field of the CRT display caused by a magnetic flux 
leakage from a transfomner of the power supply. 

In some conventional CRT displays the horizontal 
deflection circuit of the CRT is magnetically separated 
from the power supply by a shield. 

In other convention CRT displays the horizontal 
deflection frequency is synchronized to the switching 
frequency, as shown in "Switch mode power supply 
for CRT display," IBM Technical Disclosure Bulletin. 
Vol. 29, No. 9, February 1987, pp. 3921-3922. and 
"Switched power supply synchronized to display", 
IBM Technical Disclosure Bulletin, Vol. 29, No. 11» 
April 1987, pp. 4948-4949. In the fonmer article, the 
switch mode power supply is normally run at a multi- 
ple of horizontal scan frequency. In the latter article, 
the switch mode power supply operates at half the 
horizontal scan frequency. 

Japanese patent application 63-294727 dis- 
closes a power supply in which inputs of first and sec- 
ond switching regulators are commonly connected to 
DC bulk voltage output of a rectifying and smoothing 
circuit. The second switching regulator operates at a 
switching frequency which is N times larger than or 
1/N times smaller than switching frequency of the first 
switching regulator (N is integer larger than 1). 

Multi-frequency type CRT display device can 
operate in plural display modes of different horizontal 
scan frequencies such as, 31 KHz, 48 KHz, etc. to 
support various character display modes. In some 
multi-frequency type display devices, the horizontal 
scan frequencies and the switching frequency of the 
power supply device are independent from each 
other, and the shield for magnetically isolating both 
the circuits is used. In other multifrequency type dis- 
play devices, the switching frequency of the power 
supply is synchronized to a multiple of horizontal scan 
frequency. The multiple is used to permit high effi- 
ciency and reduced size of the power supply. For hori- 
zontal scan frequencies, of 31 KHz and 48 KHz, the 
switching frequencies are 93 KHz (= 31 KHz x 3) and 
1 44 KHz (= 48 KHz x 3). The power supply must there- 
fore operate within a firequency range of 51 KHz (= 
144 - 93 KHz). Generally, the switching frequency of 



the power supply is detenmined by the following typi- 
cal circuit parameters. Core size of a switching trans- 
former, switching speed range of a rectifying diode 
capacitance and size of a smoothing capacitor, and 

5 design of heat sink for circuit components. 

In practice, in the design of the power supply 
device covering the wide frequency range 53 KHz, it 
is difficult to select optimise these design parameters 
to provide a wide operational frequency range such as 

10 53KHZ. 

In accordance with the present invention, there is 
now provided a switch mode power supply compris- 
ing: a drive circuit for generating first and second 
switching signals in response to first and second input 

15 signals of different frequencies; and a switching regu- 
lator for generating one or more regulated power sup- 
ply output voltages in response to the first and second 
switching signals; characterised in that the power 
supply further comprises a control circuit for detenmin- 

20 Ing, in response to the first and second input pulse sig- 
nals, a first firequency range containing the 
firequencies of the first and second input signals when 
respectively multiplied by first and second integer 
multiples that is narrower than a second frequency 

25 range containing the frequencies of the first and sec- 
ond input signals when each multiplied by a common 
integer multiple, the control circuit configuring the 
drive circuit to generate the first switching signal at a 
firequency which is the first integer multiple of the fire- 

30 quency of the first input pulse signal and the second 
switching signal at a frequency which is the second 
integer multiple of the frequency of the second input 
pulse signal in such a manner that the frequencies of 
the first and second switching signals are within the 

35 first range. 

Because this switch mode power supply can 
operate within a narrower range of frequencies, the 
selection of circuit parameters, such as transformer 
core size, diode switching speed, smoothing capaci- 

40 tor capacitance, and heatsink size. Is simplified. Fur- 
thermore, because the narrower range of frequencies 
includes higher frequencies, this power supply offers 
a significant improvement in efficiency. 

Viewing the present invention from a second 

45 aspect, there is provided a method of operating a 
switch mode power supply, the method comprising: 
generating first and second switching signals in res- 
ponse to first and second input signals of different fre- 
quencies; generating one or more regulated power 

50 supply output voltages in response to the first and 
second switching signals; determining, in response to 
the first and second input pulse signals, a first fire- 
quency range containing the frequencies of the first 
and second input signals when respectively multiplied 

55 by first and second integer multiples that is narrower 
than a second firequency range containing the fire- 
quencies of the first and second Input signals when 
each multiplied by a common integer multiple; and 




generating the first switching signal at a frequency 
which is the first integer multiple of the frequency of 
the first input pulse signal and the second switching 
signal at a frequency which is the second integer mul- 
tiple of the frequency of the second input pulse signal s 
in such a manner that the frequencies of the first and 
second switching signals are within the first range. 

Viewing the present invention from a third aspect 
there is provided power supply apparatus comprising: 
first means for selectively generating at least two hori- 10 
zontal synchronous pulse trains of different fre- 
quencies; second means connected to said first 
means for generating a first switching pulse train of a 
frequency of which is N times as large as the fre- 
quency of horizontal synchronous pulse train (N is a 15 
positive integer) and second switching pulse train of 
a frequency which is M times as large as the fre- 
quency of the other horizontal synchronous pulse 
train (M is a positive integer), with said N and M being 
selected to provide the narrowest switching frequency 20 
range; and power supply means of switching regulator 
type connected to said second means, which oper- 
ates in a switching frequency range define.d by said 
first and second switching pulse trains. 

The first means Is preferably a display control cir- 25 
cuit which selectively generates the first horizontal 
synchronous pulse train of the first frequency and the 
second horizontal synchronous pulse train of second 
frequency. The second means preferably includes an 
oscillator circuit for generating sawtooth waveform of 30 
a predetermined frequency, and a synchronous circuit 
receiving said sawtooth waveform and one of said first 
and second horizontal synchronous pulse train to 
modify said predetemnined frequency to frequency 
which is N times as large as the frequency of first hori- 35 
zontal synchronous pulse train or frequency which is 
M times as large as the frequency of the second hori- 
zontal synchronous pulse train. 

Viewing the present invention from a fourth 
aspect, there is provided power supply apparatus 40 
comprising first means for selectively generating one 
of plural horizontal synchronous pulse trains of diffe- 
rent frequencies; frequency decision means for res- 
ponding to information which indicates said 
frequencies of plural horizontal synchronous pulse 45 
trains, to select the broadest frequency range into 
which all the plural horizontal synchronous pulse 
trains can be synchronized, and to decide a basic fre- 
quency included in said narrowest frequency range; 
second means operating at said basic frequency and so 
responding to one of said firequencles of plural hori- 
zontal synchronous pulse trains to generate one of 
plural switching pulse trains which are equal to multi- 
ples of said frequencies of plural horizontal synchron- 
ous pulse trains, respectively; and power supply 55 
means of switching regulator type connected to said 
second means, which operates in a switching fre- 
quency range defined by said frequencies equal to 



said multiples. 

The frequency decision means preferably 
includes an oscillator circuit varying a frequency of 
sawtooth waveform, a synchronous circuit connected 
to said oscillator circuit and receiving one of said 
plural horizontal synchronous pulse trains of different 
frequencies, and a frequency detecting circuit con- 
nected to said oscillator circuit and said synchronous 
circuit for detecting plural sets of frequencies, each 
set of which includes lock start firequency. lock fre- 
quency and lock end firequency, as said firequency of 
sawtooth waveform is being varied. 

In a preferred embodiment of the present inven- 
tion, the frequency decision means includes a control 
device which controls to generate said plural sets of 
frequencies for each horizontal synchronous pulse 
train, and compares the sets of frequencies detected 
at said plural horizontal synchronous pulse train to 
select the broadest frequency range into which all the 
plural horizontal synchronous pulse trains can be 
synchronized. 

A preferred embodiment of the present invention 
will now be described, by way of example only, with 
reference to the accompanying drawings in which: 

Figure 1 shows the circuit block diagram of the 

power supply apparatus in accordance with the 

present invention; 

Figure 2 shows the waveforms at the various con- 
necting points of the circuit shown in the Figure 1 ; 
Figure 3 shows the flow chart of the operation per- 
formed by the circuit shown in the Figure 1; 
Figure 4 shows the contents of Table 6A; 
Figure 5 shows the outputs of the AFC; 
Figures 6 and 7 show the contents of Tables 6B 
and 6C; 

Figure 8 shows the basic sawtooth wavefonm and 
various modified sawtooth waveforms generated 
by the AFC; and 

Figure 9 shows the details of the frequency 
detecting circuit. 

Figure 1 shows display apparatus comprising an 
example of a power supply of the present invention. 
A display control circuit 1 is included in a personal 
computer. The personal computer can operate In one 
of plural character display modes requiring, for 
example, 640 dots/one horizontal line, 1056 dots/one 
horizontal line, 1280 dots/one horizontal line. A multi 
scan frequency type CRT display device is connected 
to the personal computer for displaying the plural 
character display modes. 

The circuit blocks except the display control cir- 
cuit 1 in Figure 1 represent the power supply of the 
present invention. The power supply is mounted in a 
space within the CRT dispiay device together with a 
horizontal deflection circuits, a flyback transfomier, 
and other analog circuit, not shown. 

The display control circuit 1 is designed to res- 
pond to a signal indicating one of character display 
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modes to generate a horizontal sync pulse train of fre- 
quencies, such as 31 KHz, 38 KHz, 48 KHz or 64 KHz, 
vertical sync pulse trains, and video signals of charac- 
ters or images to be displayed on the CRT display 
device. 

The horizontal synchronous pulse train of the 
selected frequency is supplied to a waveform shaping 
circuit 2 through a line 1 1 . The horizontal sync pulse 
train 35 on the line 11 is shown in Figure 2. The 
waveform shaping circuit 2 generates pulses 36 on 
line 12, as shown in Figure 2. An automatic frequency 
control circuit (AFC) 3 includes an oscillator circuit 3A 
and a synchronous circuit 3B. A sawtooth waveform 
of a predetermined frequency generated by the oscil- 
lator circuit 3A is modified to a sawtooth wavefonm 37 
of a frequency which is equal to a multiple of the fre- 
quency of the horizontal sync pulse train applied to the 
synchronous circuit 3B. The synchronous circuit 3B 
generates a feedback signal on a line 1 3A to equalise 
lower half 37A of a positive-going portion of the saw- 
tooth waveform 37, which is separated by a leading 
edge of the pulse 36, from an upper half 378 of the 
portion. 

The AFC 3 responds to the pulses 36 on the line 
12 to lock or synchronize the frequency of the saw- 
tooth waveform at the frequency of the horizontal 
synchronous pulse train, as shown by the wave form 
37. 

When switch 15 is connected to a position P2 in 
the Figure 1, a duty confrd circuit 7 receives the 
waveform 37 to generate pulse frain 38, as shown in 
the Figure 2 on a line 16. 

A power control circuit 8 in a switching regulator 

9 receives the pulses 38 on the line 16 and a feedback 
signal on line 17 to generate switching pulses on line 

18. A switching element, such as a switching transis- 
tor, 19 is controlled by the pulses on line 18. The oper- 
ation of the power confrol circuit 8, switching transistor 

1 9, transformer 20, diode 21 , capacitor 22, and resis- 
tors R1 and R2 is well known in the art. 

Circuit blocks 1, 2, 7 and 9 are also well known in 
the art Circuit blocks 3, 4, 6 and 1 0 are connected be- 
tween the waveform shaping circuit 2 and the duty 
control circuit 7 in accordance with the present inven- 
tion. 

During an initial set-up period, the confrol device 

10 positions switch 15 to position PI, and requests 
from the display control circuit 1 a list of the fre- 
quencies of horizontal sync (H-SYNC) pulse frains, 
i.6. 31 KHz, 38 KHz, 48 KHz and 64 KHz, supported 
by the display confrol circuit 1 . The display confrol cir- 
cuit 1 informs the control device 10 of the frequencies 
and these frequencies are stored in a register 6D. as 
shown by block 301 in Figure 3. 

The operation proceeds to block 302 wherein the 
control device 10 generates frequency values rep- 
resented by the formulas; 
31 KHz X K 
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38 KHzxK 
48 KHz X K 

64 KHz X K (wherein K is positive integer) 
The control device 10 stores the calculated 

5 values in a table 6A in the frequency detecting circuit 
4, as shown in Figure 4. The control device 10 then 
causes the display control circuit 1 to generate Nth, 
i.e. the first 31 KHz in this case, horizontal synchron- 
ous pulse train on the line 1 1, and causes the variable 

10 frequency oscillator circuit 3A to generate the saw- 
tooth wavefonm in the frequency range of 30 KHz - 
280 KHz, for example. The sawtooth waveform, the 
frequency of which is gradually increased from 30 
KHz, is supplied to the synchronous circuit 38 through 

15 the line 13. The horizontal sync pulse train of 31 KHz 
is also supplied to the circuit 38. The output of the 
AFC 3 is shown in Figure 5. As the frequency of the 
sawtooth waveform from the oscillator circuit 3A is 
increased beyond 57 KHz, the AFC 3 synchronizes its 

20 oscillating frequency to 62 MHz which is twice the 
horizontal scan frequency. The output frequency of 
the AFC 3 is locked to 62 KHz since the pull-in range 
in this example is set to ± 5 KHz. The output frequency 
is released before 67 KHz. For the purpose of expla- 

25 nation, hereinafter, the 57 KHz frequency is called a 
lock start frequency Fs, the 62 KHz frequency is called 
as a lock frequency F|., and the 67 KHz frequency is 
called a lock end frequency F^. 

As the frequency of the sawtooth waveform is 

30 further increased firom the 67 KHz, the frequency 
locks at 93 KHz. 124 KHz, 155 KHz, 186 KHz, 217 
KHz and 248 KHz, as shown in the Figure 5. In a block 
303 in Figure 3, the frequencies Fs, Fl and Fg for each 
locked frequency are detected by the frequency 

35 detecting circuit 4 and are supplied to the control 
device 1 0, which stores them in table 68, as shown in 
Figure 6. 

The operation proceeds to block 304 in Figure 3, 
wherein the confrol device 1 0 checks as to whether or 

40 not all the frequencies of the horizontal synchronous 
pulse train have been tested. If not, the operation is 
returned to block 302 wherein the confrol device 10 
causes the display confrol circuit 1 to generate the 
second horizontal scan frequency 38 KHz. In the 

45 same manner as that of the 31 KHz case, the fre- 
quencies Fs> Ft. and Fe are detected by the frequency 
detecting circuit 4 and the detected values are stored 
in the table 68, as shown in the Figure 6. In this man- 
ner, the frequencies Fs, Fl and F^ for the horizontal 

so synchronous frequencies 48 KHz and 64 KHz are 
detected and stored In the table 68. 

After the frequencies Fs, Fl and Fe for the last 
horizontal scan frequency 64 KHz have been stored 
in the table 68, the operation proceeds to block 305 

55 in Figure 3. The confrol device 10 selects a group of 
values corresponding to the horizontal scan fre- 
quencies 31 KHz, 38 KHz, 48 KHz and 64 KHz. and 
compares corresponding groups of lock start and end 
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frequencies Fs and to detect a connnnon or basic fre- 
quency in the selected group. 

Referring to the Figure 5, the control device 10 ini- 
tially selects values A, B, C and D as the first group 
and compares the corresponding lock end fre- 
quencies 67 KHz, 81 KHz. 101 KHz and 133 KHz to 
select the lowest lock end frequency 67 KHz, then, the 
corresponding lock start frequencies 57 KHz, 71 KHz, 
91 KHz and 123 KHz are compared to select the high- 
est lock start frequency 123 KHz. The difference pro- 
duced by subtracting the maximum lock start 
frequency (Fs max) 123 KHz from the minimum lock 
end frequency (Fe min) 67 KHz, -seKHz, is stored in 
frequency range 1 of table 6C in Figure 7. 

Control device 10 then selects the values E, B. C 
and D as the second group and compares the conre- 
sponding lock end frequencies 98 KHz, 81 KHz, 101 
KHz and 133 KHz to select the lowest lock end fre- 
quency 81 KHz; The corresponding lock start fre- 
quencies 88 KHz, 71 KHz, 91 KHz and 123 KHz are 
compared to to select the highest lock start frequency 
1 23 KHz. The value - 42 KHz = 81 KHz (Fe min) - 1 23 
KHz (Fs max) is stored in range 2 of the Table 6C 
shown In Figure 7. 

Control device 10 then selects the values E, F, C 
and D as the third group and compares the corre- 
sponding lock end frequencies 98 KHz, 119 KHz, 101 
KHz and 133 KHz to select the lowest lock end fre- 
quency 98 KHz. The corresponding lock start fre- 
quencies 88 KHz. 109 KHz. 91 KHz and 123 KHz are 
compared to select the highest lock start frequency 
123 KHz; The value -25 KHz. between the lowest lock 
end frequency 98 KHz and the highest lock start fre- 
quency 123 KHz is stored in range 3 table 6C in the 
Figure 7. 

In this manner, the control device 1 0 sequentially 
calculates the values of the following ranges and 
stores them in table 6C in the Figure 7. 

Range 4 (-22 KHz): Values G. F. C and D 
Range 5 (-20 KHz): Values G, F, I and D 
Range 6 (-18 KHz): Values G, H, I and D 
Range 7 (-17 KHz): Values J, H. I and D 
Range 8 (-27 KHz): Values J, L. M and N 
Range 9 (+4 KHz) : Values K. L. M and N 
Range 10 (-70 KHz): Values K. P. Q and R 
Range 1 1 (-29 KHz): Values O, P, Q and R 
Range 12 (-18 KHz): Values S. P, Q and R 
Control device 1 0 compares the values of the fre- 
quency ranges 1 through 12 in the table 6C in the Fig- 
ure 7 and selects the range 9 which has the positive 
maximum value 4 KHz. The broadest range 9 in this 
case includes the frequencies from 187 KHz to 191 
KHz. The common lock frequency exists where con- 
dition Fe min - Fs max > 0 is satisfied. The control 
device 10 selects an intermediate frequency 189 KHz 
in the range 9 as the basic frequency of the broadest 
range 9, and stores the frequency 189 KHz in a regi- 
ster BE. 



The basic frequency 189 KHz can be locked or 
synchronized to the multiples of all the horizontal scan 
frequencies in range 9. That is, the AFC 3 can 
synchronize to the multiples of all the horizontal scan 
5 frequencies in the range 9. 

The operation proceeds to block 306 in Figure 3 
at which the control device 10 terminates the test 
perk)d, and starts the display operation by positioning 
the switch 15 to the position P2 shown In the Figure 
10 1. 

In nomial operation, the control device 10 uses 
the common or basic frequency. I.e. 189 KHz, stored 
in register BE shown in the Figure 1 to control the fre- 
quency of the oscillator circuit 3A. The frequency of 
15 the oscillator circuit 3A is fixed to the basic frequency 
189 KHz in nonmal operation. However, the frequency 

189 KHz is modified to synchronize to the multiples of 
the horizontal scan frequencies. 

Figure 8 shows the sawtooth waveform 81 of the 
20 basic frequency 189 KHz generated by the oscillator 
circuit 3A and applied to the synchronous circuit 3B, 
and various sawtooth waveforms of the frequencies 
shifted or modified from the 1 89 KHz depending upon 
the frequency of the horizontal scan pulse train, i.e. 31 
25 KHz. 38 KHz, 48 KHz or 64 KHz. applied from the dis- 
play control circuit 1 to the waveform shaping circuit 
2. 

When, for example, the display control circuit 1 
supplies the horizontal sync (H-SYNC) pulse train 83 

30 of 38 KHz corresponding to character display mode of 
1 056 dots per line to the AFC 3 through the waveform 
shaping circuit 2, the AFC 3 automatically locks the 
frequency of the sawtooth waveform 81 to the fre- 
quency 190 KHz (= 38 KHz x 5) to generate the saw- 

35 tooth waveform 82. That is. the AFC 3 modifies the 
sawtooth waveform 81 to the sawtooth waveform 82 
so that the leading edges of the horizontal sync pulses 
83 align with the middle points 100A and 100B of the 
positive-going portions of the sawtooth waveform 81 . 

40 respectively. 

The sawtooth waveform 82 of the frequency 190 
KHz is supplied to the duty confrol circuit 7 through the 
switch 1 5 in the position P2. The duty control circuit 7 
and the power control circuit 8 generate the switching 

45 pulses 39, as shown in the Figure 2, of the frequency 

190 KHz for controlling the switching transistor 19 of 
the switching regulators. 

When the display control circuit 1 supplies, for 
example, horizontal sync pulses 85 of 31 KHz. corre- 

50 spending to a character display mode of 640 dots per 
line, to the AFC 3 through the waveform shaping cir- 
cuit 2. the AFC 3 automatically locks the frequency of 
the sawtooth waveform 81 to the frequency 186 KHz 
(=31 KHz X 6) to generate the sawtooth waveform 84, 

55 That is, the AFC 3 modifies the sawtooth waveform 81 
to the sawtooth waveform 84 so that the leading 
edges of the horizontal sync pulses 85 align with the 
middle points 100A and 100C of the positive-going 
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portions of the sawtooth waveform 81, respectively. 

The sawtooth waveform 84 of the frequency 186 
KHz is supplied to the duty control circuit 7 through the 
switch 15 in the position P2. The duty control circuit 7 
and the power control circuit 8 generate the switching s 
pulses of the frequency 186 KHz for controlling the 
switching transistor 19 of the switching regulators. 

When, for example, the display control circuit 1 
supplies the horizontal sync pulse train 87 of 64 KHz 
corresponding to a character display mode of 1280 io 
dots per line to the AFC 3 through the waveform shap- 
ing circuit 2, the AFC 3 automatically locks the fre- 
quency of the sawtooth waveform 81 to the frequency 
192 KHz (= 64 KHz x 3) to generate the sawtooth 
waveform 86. That is, the AFC 3 modifies the saw- is 
tooth waveform 81 to the sawtooth wavefonm 86 so 
that the leading edges of the horizontal sync pulses 87 
align with the middle points 100, 100D and 100C of 
the positive-going portions of the sawtooth waveform 
81, respectively. 20 

The sawtooth waveform 86 of the firequency 192 
KHz is supplied to the duty control circuit 7 through the 
switch 15 in the position P2. The duty control circuit 7 
and the power control circuit 8 generate the switching 
pulses of the frequency 192 KHz for controlling the 25 
switching transistor 19 of the switching regulator. 

When, for example, the display control circuit 1 
supplies the horizontal sync pulse train 88 of 48 KHz 
corresponding to a character display mode of 1056 
dots per line to the AFC 3 through the waveform shap- 30 
ing circuit 2, the AFC 3 automatically locks the fre- 
quency of the sawtooth waveform 81 to the frequency 
192 KHz (= 48 KHz x 4) to generate the sawtooth 
wavefomn 86. That is, the AFC 3 modifies the saw- 
tooth waveform 81 to the sawtooth wavefonn 86 so 35 
thatthe leading edges of the horizontal sync pulses 88 
align with the middle points 100 and 100E of the posl- 
tive^oing portions of the sawtooth wavefonm 81, re- 
spectively. 

The sawtooth waveform 86 of the frequency 1 92 40 
KHz is supplied to the duty control circuit 7 through the 
switch 15 in the position P2. The duty control circuit 7 
and the power control circuit 8 generate the switching 
pulses of the frequency 192 KHz for controlling the 
switching transistor 19 of the switching regulator. 45 

The example of a power supply of the present 
Invention hereinbefore described generates the 
switching pulses of the frequency 186 KHz, 190 KHz 
and 192 KHz in response to the horizontal sync pulse 
trains of the frequencies 31 KHz, 38 KHz, 48 KHz and 50 
64 KHz, respectively. It will be appreciated that these 
frequencies of switching pulses for the switching 
regulator fall into very narrow range, i.e. 192 KHz - 
186 KHz = 6 KHz. 

Comparing the 6 KHz range covering 31 KHz, 38 55 
KHz, 48 KHz and 64 KHz realised by the described 
example of present invention with the 51 KHz range 
covering only 31 KHz and 48 KHz realised by the prior 



art, it is apparent that the range of the switching fire- 
quencies supplied to the switching regulator can be 
remarkably narrowed by the present invention. It will 
be appreciated that the narrower the range of the 
switching frequencies is, the easier it is to design the 
power supply because the following parameters 
depend upon the range of the switching frequencies; 

Core size of the switching transfonmer 20; 

Switching speed range of the rectifying diode 21; 

Capacitance and size of the smoothing capacitor 
22, and Design of heat reduction of circuit compo- 
nents. 

Furthemiore the narrower range increased the 
total operational efficiency of the power supply 

device. 

The embodiment of the power supply apparatus 
of the present invention hereinbefore described gen- 
erates switching pulses of 186 KHz in response to a 
horizontal sync pulse train of 31 l<Hz, switching 
pulses of 190 KHz In response to a horizontal sync 
pulse train of 38 KHz, and switching pulses of 192 
KHz in response to horizontal sync pulse trains of 48 
KHz and 64 KHz, respectively. The multiplier 6 for the 
31 KHz. 5 for the 38 KHz. 4 for the 48 KHz, and 3 for 
the 64 KHz are selected to provide the narrowest 
switching frequency range, i.e. the 6 KHz range. 
Selection of the switching frequency range is perfor- 
med by block 305 in Figure 3. 

If the display control circuit 1 has two horizontal 
sync modes of 31 KHz and 38 KHz, refenring to Figure 
5, the operation indicated by block 305 in Figure 3 
selects the switching frequency 1 55 KHz for the 31 
KHz horizontal sync pulse train and the switching fre- 
quency 152 KHz for the 38 KHz horizontal sync pulse 
train since the range 157 KHz - 150 KHz = 7 KHz is 
the broadest common lock range among the ranges 
for the horizontal synchronous pulse trains of 31 KHz 
and 38 KHz, as apparent from the Figure 5. 

A basic frequency 153.5 KHz is selected, and 
modified to 155 KHz for 31 KHz and 152 KHz for 38 
KHz. The basic frequency 153.5 KHz is stored In the 
register 6E as the frequency used for this particular 
combination of the horizontal sync pulse trains. The 
frequency 155 KHz of the switching pulses is N times 
(N is a positive integer, and N = 5) as large as the fre- 
quency 31 KHz of the horizontal sync pulse train, and 
the frequency 152 KHz of the switching pulses is M 
times (M is a positive integer, and M = 4) as large as 
the frequency 38 KHz of the horizontal sync pulse 
train. The multipliers, N = 5 and M = 4 are selected to 
provide the narrowest switching frequency range, i.e. 
3 KHz. 

The broadest range 9 is selected to give a large 
tolerance against the shift of the basic frequency due 
to the influence of temperature variation. This remark- 
ably increases the stability of the power supply The 
wider the range 9. such as 4 KHz, is, the narrower is 
the resultant switching firequency range, such as 6 
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KHz, of the switching regulator. 

As described above, the frequencies, for 
example, 31 KHz, 38 KHz. 48 KHz and 64 KHz of the 
horizontal sync pulse trains are stored in the register 
6D in the initial set-up period, and the basic frequency 5 
1 89 KHz for this particular combination of the horir- 
zontal sync pulse trains is selected and stored in the 
register 6E. 

The basic frequency is selected depending upon 
the combination of the horizontal scan frequencies. io 
Therefore, the control device 10 determined in each 
initial set-up period whether the frequencies of the 
horizontal sync pulse trains from the display control 
circuit 1 are equal to the frequencies stored in the regi- 
ster 6D. For example, suppose the frequencies stored is 
in the register 6D are 31 KHz, 38 KHz, 48 KHz and 64 
KHz, the frequency in the register 6E is 189 KHz, and 
a newly connected display control circuit 1 generates 
31 KHz and 38 KHz, as described above. In this case, 
the old combination of 31 KHz, 38 KHz, 48 KHz and 20 
64 KHz differs from the new combination of 31 KHz 
and 38 KHz. The control device 10, therefore, resets 
the old values in the registers 6D and 6E, and initiates 
the test operation shown in the Figure 3 to find out the 
new value 153.5 KHz for the new combination of 31 25 
KHz and 38 KHz. The old value, 189 KHz in the regi- 
ster 6E is replaced by the new value, 153.5 KHz, and 
the old values 31 KHz, 38 KHz, 48 KHz and 64 KHz 
in the register 6D are replaced by the new values 31 
KHz and 38 KHz. 30 

In this manner, the control device 10 determines 
in the initial set-up period whether the frequencies of 
the horizontal synchronous pulse trains from the dis- 
play control circuit 1 are equal to the frequencies 
stored in the register 6D. If they are. the control device 35 
10 uses the firequency stored in the register 6E as the 
basic frequency without initiating the new test oper- 
ation. Otherwise, the control device 10 resets the 
values in the registers 6D and 6E, and initiates the test 
operation to find out the new basic frequency for the 40 
new combination of the horizontal synchronous fre- 
quencies. 

Referring to Figure 9, an embodiment of the fre- 
quency detecting circuit 4 includes a comparing circuit 
41, a register 42. gates 43 and 44 and a logic circuit 4S 
45. In operation, if for example, the horizontal scan 
frequency is 31 KHz as shown in as Figure 5. the oscil- 
lator circuit 3A gradually increases the firequency of 
the sawtooth waveform on the line 13 in the test 
period, as described hereinbefore. The oscillator cir- 50 
cult 3A also supplies a signal indicating the frequency 
to register 42 through a line 46. When the frequency 
exceeds 57 KHz, as shown in the Figure 5, the fre- 
quency of the sawtooth waveform on the output line 
1 4 of the AFC 3 is locked to 62 KHz. This locked con- 55 
dition is detected by comparing circuit 41. More par- 
ticulariy, the multiples 62 KHz, 93 KHz, 124 KHz, 155 
KHz. 186 KHz, 217 KHz and 248 KHz of 31 KHz 
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stored in the Table 6A of Figure 4 are sequentially 
compared with the output frequency on the line 14 
firom the AFC 3. When the output frequency is equal 
to 62 KHz, the comparing circuit 41 generates a gate 
pulse on a line 47. The register 42 now stores a history 
frequency, such as 57 KHz in this case. The fre- 
quency 62 KHz is also supplied to the gate 43 through 
a line 48. Both the lock start frequency (Fs) 57 KHz 
and lock firequency (Fl) 62 KHz are supplied to the 
logic circuit 45 by the gate pulse on the line 47. The 
logic circuit 45 calculates the lock end frequency F^ 
67 KHz by using the formula Fg = Ft + (Ft - Fs), and 
supplies the frequencies Fs, Fl and Fe to the control 
device 10, which stores these frequencies in the 
Table 6B shown in the Figure 6. The same operation 
as that described above is performed when the fre- 
quency of the oscillator circuit 3A exceeds each of the 
lock start frequencies (Fs) 88 KHz, 119 KHz, 150 KHz, 
181 KHz. 212 KHz and 243 KHz. respectively, and 
Table 68 in Figure 6 is completed. 

It will now be appreciated that a power supply of 
the present invention can be operated at multiples of 
plural horizontal scan frequencies, and also be 
synchronized to the plural horizontal scan fre- 
quencies. 

Because the multiples (FJ which are closest to 
each other are selected according to the formula Fl = 
Fh X N (Fl is the frequency of the horizontal synchron- 
ous pulse train, and N is a positive integer), the oper- 
ational range of the connected switching regulator 
can be minimized. Several circuit parameters, herein- 
before described can therefore easily be selected to 
optimize the power supply performance for a range of 
horizontal scan frequencies. Moreover, the total effi- 
ciency of the power supply can be ' remarkably 
Improved. Furthermore, its size can be reduced 
because the switching frequency is relatively high. 



Claims 

1. A switch mode power supply comprising: 

a drive circuit (7) for generating first and 
second switching signals in response to, respect- 
ively, first and second input signals of different 
frequencies; and 

a switching regulator (9) for generating 
one or more regulated power supply output vol- 
tages in response to the first or the second switch- 
ing signal; 

characterised in that the power supply 
further comprises a control circuit (3,4,6,10,15) 
for determining, In response to the first and sec- 
ond input signals, a first frequency range contain- 
ing the frequencies of the first and second input 
signals when respectively multiplied by first and 
second integer multiples that is narrower than a 
second frequency range containing the fre- 
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quencies of the first and second input signals 
when each input signal is multipiied by a connmon 
integer multipie, 

the control circuit (3,4,6,10,15) configuring 
the drive circuit (7) to generate the first switching s 
signal at a frequency which is the first integer mul- 
tiple of the frequency of the first input signal and 
the second switching signal at a frequency which 
is the second integer nnultiple of the frequency of 
the second input signal in such a ntanner that the io 
frequencies of the first and second switching sig- 
nals are within the first range. 

2. A power supply as claimed in claim 1 wherein the 
control circuit (3,4,6,10,15) comprises: is 

a control device (1 0) for initially configuring 
the control circuit (3,4,6,10,15) to determine the 
first and second integer multiples in response to 
the first and second input signals and for subse- 
quently configuring the drive circuit to generate 20 
the first switching signal as a function of the first 
multiple in response to the first Input signal and to 
generate the second second switching signal as 
a function of the second multiple in response to 
the second input signal. 25 

3. A power supply as claimed in claim 2 wherein the 
control circuit (3,4.6,10,15) comprises: 

an oscillator circuit (3a) connected to the 
CO ntrol device ( 1 0) for ge neratl ng a sawtooth sig- 30 
nal of one of a plurality of predetermined fre- 
quencies; and 

a synchronous circuit (3b) connected to 
the oscillator (3a) for configuring the drive circuit 
(7) to generate the first and second switching sig- 35 
nals in response to the sawtooth signal and for 
synchronising the first and second switching sig- 
nals to the first and second input signals respect- 
ively. 

40 

4. A power supply as claimed In claim 5 wherein the 
control circuit further comprises a switch (15) con- 
trolled by the control device (10) for initially con- 
necting the output of the synchronous circuit (3b) 

to a frequency detecting circuit (4) and for subse- 4S 
quently connecting the output of the synchronous 
circuit (3b) to the drive circuit (7). 

5. A power supply as claimed in daim 4 wherein the 
control circuit (3,4,6,10,15) comprises a fre- so 
quency detecting circuit (4) connected to the con- 
trot device (1 0) and a first register (6a) connected 

to the frequency detecting circuit (4), the control 
device being initially configured to detenmine a 
plurality of common integer multiples of the fre- 55 
quencies of the first and second input signals, to 
store the common integer multiples in the first 
register (6a), and to sweep the frequency of the 



sawtooth signal generated by the oscillator (3a) 
through a predetermined range of frequencies, 
the frequency detecting circuit (4) being config- 
ured to compare the sweeping frequency of the 
sawtooth signal with the common integer multip- 
lies to detect a first plurality of frequency ranges 
for the sawtooth signal within which the synchron- 
ous circuit (4) can synchronise the first switching 
signal to the first input signal, and to detect a sec- 
ond plurality of frequency ranges for the sawtooth 
signal within which the synchronous circuit (4) 
can synchronise the second switching signal to 
the second input signal. 

6. A power supply as claimed In claim 5 wherein the 
control circuit (4,6,10,15) comprises a second 
register (6b) connected to the control device (10) 
for storing the first and second pluralities of fre- 
quency ranges. 

7. A display device comprising a switch mode power 
supply as claimed in any preceding claim, the first 
and second input signals being horizontal 
synchronisation pulse signals. 

8. A method of operating a switch mode power sup- 
ply, the method comprising: 

generating first and second switching sig- 
nals in response to first and second input signals 
of different frequencies: 

generating one or more regulated power 
supply output voltages In response to the first and 
second switching signals; 

determining. In response to the first and 
second Input pulse signals, a first frequency 
range containing the frequencies of the first and 
second input signals when respectively multiplied 
by first and second integer multiples that is nar- 
rower than a second frequency range containing 
the frequencies of the first and second input sig- 
nals when each multiplied by a common integer 
multiple; and 

generating the first switching signal at a 
frequency which is the first integer multiple of the 
frequency of the first input pulse signal and the 
second switching signal at a frequency which is 
the second integer multiple of the frequency of the 
second input pulse signal in such a manner that 
the frequencies of the first and second switching 
signals are within the first range. 
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